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AERODYNAMIC CHARACTERTSTICS (OF TWO ALL-MOVABLE WIRGS TESTED
IN THE FRESERCE OF A FUSELAGE AT A MACH NUMEER OF 1.9

By D. Williem Conner
SUMMARY

Half—span models of two wings of dlfferent plan form were tested
both as all-movable surfaces and as fixed surfaces in the presence of
a half fuselage in the Langley 9 by 12-inch supersonic blow—down tunnel
gt a Mach number of 1.9. One wing had a half—delts plan form with 60°

Jeading-edge sweep and was tested at a Reynolds number of 1.9 X 106.
The other wing had a rectangular plan form modifled by an Ackeret type

tip and was tested at a Reynolds number of 1.k X 105. Both surfaces
operated well within the Mach cone origlnsting at the fuselage nose.
The clrcular crose sections of the fuselage were modlfied to provide =a
flat area 1n the reglon of the wing root.

A comparison of the data Indicated that elther wing acting as an
all-movable surface would have about the same spanwise and chordwise
location of.the center of. pressure as the same wing acting as a flixed
surface, but the fixed—gurface arrangement would have a llft—curve slope
about 30 percent greater than the wing—free (all-movable) arrangement.
The change in upwash Yepresented by this Increase In iift—curve slope
is In good agreement with calculations based on a method recommended
by L. Beskin.

N

INTRODUCTION

All-movable amserodynemic surfaces are being considered In supersonic
alrcraft design for posslible applications as angle—of-ettack indicators,
control surfaces, and all-moveble wings. Present msthods used Iin
calculating the supersonlic characteristics of such surfaces operating in.
the presence of a fuselage must resort to several simplifying assumptions,
especially if the fuselage contour is modified to minimlze the Jjunctlon
geps caused by surface rotation. In order to obtain experimentsl dats
for all-movable surface arrangements, half-span models of two wings of .
different plan form were tested both as all-movable surfaces and as
conventlional fixed surfaces in the presence of a half fuselage 1n the
Langley 9— by l2-inch supersonlc blow—down tunnel.
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One wing had a 60° sweptback half—delta plan form and 9—percent—
thick circular-erc sections. The other wing had a trapezolidal plan form,
formed by a rectangular wing modified by an Ackeret type wing tip and
had 10-percent—=thick double—wedge sectlions. A small area on the fuselage
at the wing—fuselage Juncture was flat and parallel with the alr stream
to prevent a change in the end gap when the wing rotated on the fuselage.
Lift, drag, pltching moment, end rolling moment were obtalned at a

Mach mumber of 1.9 and & Reynolds mumber of about 1.9 x 108 for the delta
wing and 1.k x 106 for the trapezoldal wing.

SYMBOIS
Cy, 1ift coefficlent based on area of exposed surface
Cp drag coefficlent based on area of exposed surface
Cn plitching-moment coefficlent based upon the mean aerodynamic
chord of exposed model swrface and computed about the
50—percent—chord point of the mean aerodynamic chord
(center of area)
C1 rolling-moment coefficient based on twice the area of the
exposed aerodynamic surface and on a span b
a wing angle of attack, measured with respect to the free—
gtream direction
M free—atream Mach number
Reynolds number based on the mean aserodynamic chord of the
exposed aerodynamic surface
b twice the dlstance from the fuselage axis to the wing tip
] mean aerodynamlic chord of the exposed model surface
Ap Increment 1n pressure
a free—satream dynamic pressuré

MOLELS

Photographs of the two semispan models are shown in figure 1. The
principal dimensions of the two aerodynamic surfaces, hersafter called
wing penels, and the fuselage ere shown in figure 2. Both wing panels
and the fuselage are fabricated from alvminum and have a polished finish.
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As shown 1in figure 2(a), the first wing panel has s half-delta
plan form with 60° sweepback of the wing leading edge. The ailrfoil
sectlons taken parallel to the alr stream are symmetrical clrculer—earc
profiles 9 percent thick. The aspect ratio of this plan—form delta
wing is 2.31. The wing pansl is rotated sbout the 60—percent point
of the wing root chord which 1s slightly ahead of the center of area.

The second wing panel, for which details sre shown in figure 2(D),
has an unswept trapezoldal plan form formed by & rectanguler wing modifled
by an Ackeret type wing tip to relieve the wing area of tlp Mach cone
effects. The airfoll sections taken parallel to the alr stream are
symmetrical double—wedge profilles 10 percent thick. The aspect ratlo of
this wing, including the extenslon through the fuselage, is L.12. The
wing panel is rotated about the midchord point of the wing root chord
which is slightly behind the center of area.

The fuselage used in these tests is g half body of revolution
(having a parsbolic profile) split lengthwise along the axis as shown
in figure 1. In the reglon of maximm thickness where the wing psnsls
are located, the fuselage contour has been modified by a flat area
formed by cutting the fuselage body of revolution with a plans paraliel
to the body axis and perpendlcular to the wing axis of rotation. This
flat has a maximm width of 0.80 inch, which permits the wing to be
rotated through & small angle range without the appearance of an
appreclable gap between the wing and fuselage. The wing root ls mounted
on the balance through a disk 0.80 inch in diemeter set flush wlth the
fuselage flat but not touching the fuselage. TUnder no load a radlal
gap of 0.010 inch is malntained all around the disk and a gap of 0.005 inch
is malntained between the overhanging portion of the wing and the fuselage
flat. The 0.005 gap is not sealed for apmy of the tests. The deflections
caused by the aerodynamic loads on the model are the limiting factor of
the angle—of—attack rangs.

TUNNEL AND TEST TECHNIQUE

The Langley 9— by l12-inch supersonic blow—down tunnel in which the
present tests were made is a nonreturn—type tunnel, wtilizing the exhsust
_ alr of the Langley 19—foot pressure tunnel. Free—stream Mach number

is 1.90. The alr enters at an absolute pressure of about 2% atmospheres

and contalns sbout 0.003 pound of water per pound of air.

The semispan models used 1n these tests are cantllevered from the
tunnel wall. Thils arrangement provides a simple, rigid mesans for
‘mountting the models and permlts the scale of the models to be large
in relation to the size of the test sectlon.
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Preliminary tests indicated that wings cantilevered directly from
the tunnel floor would be operating in a boundary lsyer about 0.4 inch
- thick. The possibllity of testing half—spen wings in the presence of a
fuselage was next explored since any practical supersonic configuration
would include a fuselage. In the 1deal arrangement, the flow field over
the fuselage mounted on the tunnsel wall would dupllicate the flow field
over a fugelage located In the center of the Jet. A complete fuselsge
was mounted parallel wlth the wind stream in the center of the tumnel
and surveys were made of the surface pressures and of the boundsry-—
layer profile in the reglon where the wing would be located. The fuselage
was then spllt lengthwise and the half fuselasge was mounted on the tunnel
well where similar measurements were made. The results shown in figure 3
indicated that the fuselage boundsry layer was thicker when the fuselage
was on the wall. Various thickness shimg were trled as a falring between
the half fuselage and the wall 1n order to move the fuselage out of the
well boundary leyer. As the fuselage was moved out from the wall, the
fuselage boundary—layer thickness decreased and, with a 0.25—inch shim,
very closely approached that measured on the complete fuselage in the
center of the Jet. Shimming the fuselage awsy from the wall algo brought
the pressure distribution along the fuselsge 1n better agreement with
that measured in the center of the tunnel. The surveys were made only
with the fuselage allned wlth the wind stream, and the comparison might
be somewhat different for other fuselage attltudes. From thess resulis,
it appeared matisfactory to test wings in the presence of this bhalf
fuselage ghimmed out 0.25 inch from the tunnel wall, and such a technigue
was used in these wing tests. (In examining the survey results shown
in figure 3 only qualitative comparisons should be made since guantitative
errors might exist. Thils is true of the pressue distributlon because of
the llmited range of surveyed statlic pressures along the tunnel. Such
errors might exlist In the shape of the boundary-layer proflile because
the 0.030-inch—-outsgide—diemeter total-pressure tube was relatively large
when compared with the boundary—layer thickness.)

The semlspan model cantllevered from the tunnel wall 1s attached
to a four—component electrlc—strain—gage balance. The balance rotates
with the model and meesures pitching moment, chord force, normal force,
and rolling moment due to normal force. The rolling—moment coefficlent
is therefore msasured ebout an axis lying in the wing-chord plane, but for
gmall angles of attack, 1t closely approximates the rolling-moment coeffl-
clent about the wind axis. Forces on the body were not measured In any
of the tests.

It should be pointed out that several factors, not as yet fully
investigated, might influence the test results obtained in this tunnel.
Several of these factors are:

(1) Alr loading might be carried over that part of the model located
inside the fuselage. A few pressure messurements obtained on a different
wing from those used in these tests indicated this loading to be quite
small but stilll measurable.
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(2) Strey shock waves of marked intensity might be present in the
test—gection region. Such waves mlight well have been missed during the
tunnel calibration in which a pattern of readings was obtalned from
pressures on several cones, a wedge and behind the normal shock of a
total—pressure tube. No schlleren equipyment has been provided for
visual observations.

(3) Condensstion, resulting from the high moisture contemt of the
inlet air, has been considered as having possible effects on eerodynamic
results, particulerly pltching moment and the characteristlcs of control
surfaces.

With regard to items (2) and (3), it might be well to mention that
unreported. alleron—effectliveness Hests of a ‘sweptback wing model in this
tunnel showed very good agreement with free-flight rocket tests of a
gimilar wing—elileron configuration.

The dynamic pressure and test Reynolds mumber decreased about
5 percent duxring the course of each run because of the decreasing pressure
of the inlet alr. The average dynamic pressure for these tests was

1670 pounds per square foot and the average Reynolds number was 1.9 X 106
for the half—delta wing panel and-1.h x 10° for the unswept wing panel.

PRECISTOK OF DATA

Freoe—gtream Mach number has been calibrated at 1.90 £ 0.02. This
Mach number was used 1n determining the dynsmic pressure. The varlatlon
of the statlc pressure with the tumnsl clear varied about £1.5 percent
in the test—section region.

The accuracy of measurements ls indiceted in the following table:

Variable Error
a ‘ +0.05°
Cy, .005
Cp .001
Cm .001
C1 .002
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Repeat tests were made for each configurstion and, in fairing the
curves, those tests were favored which had smaller zero shiftts of the
balance readings. The rolling-moment component was especially sensitive
to shifts in wind—off readings. The falred curves should be more accurate
than the table 1ndicates.

RESULTS AND DISCUSSIOR

The experimental characteristics of the two wings are presented
in Pigures 4 and 5 and the lift—-drag retios calculeted from the faired
curves of figures 4 and 5 are presented in figure 6. Some of the
Important results are summsrized in table I.

Lift charscteristics.— From table I, it may be seen that the wing-
fixed arrangement lncreased the lift—curve slope by sbout_30 percent
over the wing—free (or all-movable) arrangement. The values were
increased from 0.038 to 0.050 for the trapezoidal wing and Ffrom 0.029
to 0.040 for the delta wing. The wing—free values were the same when
the fuselage was elther alined with the wind stream or was positioned
at an attitude of 4O, TFuselage upwash was calculated for these two
wing—fuselage combinations by the method recommsnded in reference 1.
Since thls method congiders fuselages having only circular cross sections,
the followling assumptlons were made to account for the flattened arez
on the fuselage used In these testse:

(1) At the wing root the upwash was assumed to be that calculated
for a smaller-—-dlameter fuselage having a surface tangent to the wing root.

(2) At increasing distances from the fuselege surface, the upwash
was agsumed Lo approach that of the basic fuselage without the flattened
area. The spanwlse upwash varlation would then be represented by a
smooth transition from the upwash variaitlon of the assumed smaller
fuselage at the wlng root to the upwash variation of the basic fuselage
at a distance of one fuselage diameter from the wing root.

The- celculations indicated that the upwash field Introduced by
changling the fuselage angle of attack would effectively increase the
angle of attack of wings of elither plan form by about 30 percent. This
large upwash effect which 1s & result of the small size of the wings
relative to the fuselage dlamster accounts for the difference in 1ift-—
curve slopes between the wing—free and wing—fixed test results.

In two instances with the wing free, the noge of the delta wing
was no longer on the fuselage flat asnd e& discontinulty exlsted. This
discontinulty occurred when the wing angle of attack exceeded 8° for the
fuselage fixed at zero angle and also when the wing angle of attack was
more negative than —4° for the fuselage positioned at a 4O angle of attack.

RN
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There was no evidence of a force break for these condltlons although the
fuselage boundary layer might have been thick enough to concesl any
possible effects.

Center of pressure.— From the slopes of the 1ift curves, rolling—
moment curves, and pitching—moment curves, both the spamwise and chordwlse
locations of the center of pressure have been calculated and are tabulated
in table I. Freeing the wing from the fuselage caused only slight shifts
in the location of the center of pressure, the spanwlise location moving
out about 0.01b for both wings, and the chordwise location moving ahsad
for the trapezoldal wing and moving back for the delta wing. Thils-
movement was small, ths forward shift for the trapezoldal wing belng
0.007C and the rearward movement for the delta wing belng 0.015¢. The
gpanwlse locatlons of the center of pressure were about on the cembters
of area and the chordwise locaftlons were from 0.05C to 0.10% ghead of
the centers of arsa. .

Drag.— By use of the method of reference 2, the wave—drag coeffi—
clents of the delta and trapezoldal wings were calculated to be 0.023
and 0.025, respectively, for a Mach mmber of 1.9. Adding to these
& skin-friction drag coefficlemt of 0.006 brought the results in
reasonable agreement wlth the experimental velues of minlmm drag
listed in table I. Freeing the wing from the fuselage caused 1llttle
difference in minimm drag but dld cauvse a considerable decrease Iin
the maximm valuss of the 1lift—drag retio when the fuselage was alined
with the alr streem. Such calculetions of lift—drag ratlo are, however,
incomplete since the drag of ths fuselage 1s not included.

CORCIUDING REMARES

From tests of two semispan wlngs of dlfferent plan form operating
In the presence of a half fuselage at a Mach mmber of 1.9, a
comparison has been made of the results where the fuselage and wing
rotated congruently with ths results where the fuselage was restralned
at a Fixed angle and the wilng was allowed to rotate. The deta Indicated
that either wing acting as an all-movable surface would have about the
same gpanwlise and chordwlse location of the center of pressure as the
seme wing actling as a fixed surface but the fixed—surface arrangement
would have a lift—curve slope about 30 percent greater than the wing—free
(or all-movable) arrangement. The change in upwash represented by this
decrease in lift—curve slope 18 in good agreement with theory.

Langley Aeronautical Leboratory
National Advisory Committee for Aeronautics

ILangley Fleld, Va.
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EXFERTMENTAT. CHARACTERISTICS OF WINGS

Trapezoidal Wing

Dolta Wing
(rzi:fiigu:gth f“g:mﬂ:: - (ritiggiigu:g-th fugei’nlg;rgg -
fuselage) s 40 fuselage) o° 10
dCy,/de 0.050 0.038 0.038 0.040 0.029  0.029
40y fda 0.0061 0.0048 0.0048 © 0.005L 0.0C385 0.00385
0y, fda 0.0045 0.0037 0.0037 0.0027 0.0015 0.0015
OD i 0.030 0.030 0.030 0.027 0.027  0.027
L/ Dpax b4 b1 bk 5.0 b1 bt
Spanwlse locatlon of )
gg;e;mc’glﬁzgﬁggﬁer 2kl 252 .952 255 265 265
* line, fraction of b
Chordwlase location of
z;::gro;f wﬁ;g‘:‘n‘zer .090 097  .097 067 .052 .052
of area, fraction of &
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(a) Delts wing.

Mgure 1,- Photographs of wing-fuselage combinations.
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(b) Trapezoidal wing.

Figure 1,- Concluded.
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4.40 479 |/4.80 | 756 glo | 30 |69.2 | 3.8
5.60 572 116.00 | 711 309 | 3.8 |79.0 | 3.0
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.9.20 | 756 1920 | 512 ' : :
1040 786 4
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(a) Delta wing; mean asrodynamic chord = 2,64; span = 5.85.
Figure 2.- Details of wings and fuselage. All dimensions in inches.
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(b) Trapezoidal wing; mean aerodynamic chord

= 1.867; span = 6,88,

Figure 2.- Concluded.
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" Figure 3.- Surveys of surface pressure distribution and boundary-layer profile
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for the fuselage used in the wing tests. Fuselage alined with the wind
stream. M = 1.9,
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Figure 4.- Aerodynamic characteristics of a half-span trapezoidal wing tested
as a fixed and as an all-movable surface in the presence of a half fuselage.
M=19; R =14 X 106, Flagged symbols indicate repeat runs.
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Figure 5.- Aerodynamic characteristics of a half-span delta wing tested as a

fixed and as an all-movable surface in the presence of a half fuselage,

M =19; R =19 x 1086,

Flagged symbols indicate repeat runs.
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Figure 8,- Variation of the lift-drag ratio with angle of attack for a half-span trapezoidal and a
half-span delta wing. M = 1.9,

WOHG'L ‘oM W VOVH




| i T il P

01436 6745 -____':f aben




